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TESTS OF A POW~RED MODEL IE THE R’RI!B-3’LIGHTTUlU?31L

BY John P. Camphell:aad Thomas A. Holllngworth

The effects on stability and control of a pusher pro-
peller behind couveational horizontal and vertical tall
surfaces have been determined in the NACA free-flight tun-
nel by tests of a l/10-ecalo model of an N.lCii8ubmer<ed-
engine pusher airplane deeign. The inveEtigatioa consisted
of flight and balance tests et uindmilling and high-power
conditions *rith a pnrtlal-span Zap extensible flap extended
and retracted. The effects of changes in vartical-tail area,
horizontal-tall incidence, and center-of-gravity location wsro
also Letermlnad.

The tests showod that, with a pushar propellar locat~d
behind the tail surfaces, pourer causad only minor chanqos in
stability and control. Tha wlndmilling propoller provided
slight Incroasas in longitudinal and dircc%ional stability.
Application of power only slightl~ affected the longitudinal
etability, Increased the directional etability, ead necessit-
ated a small amount of aileron trim. The dihedral effect,
etalllng behavior, and rudder trim were not affected 3Y
power.

This.partlcwlar puehar design with the propeller b8hlnd
the tall surfaces ie considered very promising Be simeans of
eliminating the undesirable slipstream effects.of tractor
propellers.

INT303UCTION

The trend toward more powerful engines in eingle-engine
military airplanes has c~uaed the propoller-slipstream effects
on stability and control to bacome iticreasingly Important.
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Booause those slipstream ef.facts are, on the whole con-
sidered undesirable, moans aro being sought to aliminate
thorn. Ono apparent. solution to tha problom is the uso of
pusher propellers. Various designs to permit the uae of
pusher propellers have been proposed, such as the tail-
lass and tailfirst airplanes. The UACA has racently sug-
gested a submerged-engine pusher design with the propellar
dlractly behind conventional horizontal and vertical tail
surfaces. A l/10-scale power~d model of this design has
been test6d in the HACA free-flight tunnel to determine
the effect of such a propellar arrangement on stability
and control characteristics. i)uring the investigation,
a special effort was also made to ~kserve any changas
in stability and control that might have been causad by
the short tail length inherent in the design.

. .
APPA3ATGS AWI METEODS

Wind Tunnel

. . The invoetigation was carried out in the HACA free-
flight turinal described in rqferenco 1. Photographs of the
test soctlon of tho tunnel show modols bolng tostod in flight
In figure 1 and on the balance In flguro 2.

..

In the flight teats, t~o.modol flias frscly in tho tun-
nel under th~ remote control of a pilot s?atad at the bottom
anti rear of the tunnel. An oyarator at the. s~de of.tho tun-

.. “nal adjusts the alrspaod, tunnel angle, t’,ndpower to tho..
motor In the model to correspond to tha dosl=od flight con-
ditions. After tho lateral and lo~gitudinal trim of tho
model hrs boon adjusted for the particular conditions, tho
stability of tha model h uncontrolled flight is observed
and th~ cffectivonoss of tha controls is determined. In
order to supplement the pilotts observations, moving-picture
records of flights ere taken by t“hree cameras mounted at the
top, side, and rear of the tunnel.

The balance tests ?rere run on the free-flight tunnel
six-component balance. The balance rotatas with the model
in yaw so that all forces and moments are mdasured with
respect to the stability axas.

I
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!l!hel/10-scale model_ of”’tha EACA.swbmerged-engiao

pusher airplane desigu used In” the tests was constructed””
and preparea for the toetlng by tha Z7ACA. A thi’ee-vlow
drawing of the model is presaxtod aa figure 3 and photo-
graphs of the model are shown In figures 4 -d 5. The
dimentaionai char~ctarlstlcs of the airplane as scaled up
from the model values are given in table I.

In addition to the vqrtlcal tails specified for the
airplane (tails 1 and 2 of fig. 3), a largar vertical tall
(tall 3) was installad on tho model for sores of the tests.
Only the upper vertlonl tall was provided with a movable
ruddar.

A simple wire landing gear was installed on tho model
r.s shown In figur~ 3 to provide sufficient ground angle for
take-off aad tc nbsorb shock in landinfls.

I?IE.wslght of the model nfter f’lnnl preparation and
balnncing was abont 5.80 pou~ds, which corresponded to
5800 pounds for the airplane. Tho contor of grnvlty of
the modol WP.S nd~usted to 24.2 p~rcant of the mean aero-

dynamic chord. The momcjnts of inertin of the modal corre-
sponded to those of typical modern fighter airplnnos ms in-
dic~.tod by the r~.tioB of win~ spa to radii of gyr~.tlon
shows in tnble I.

Electromagnets were Installed in the model to provide
abrupt deflections of the ailerons, rudder, &nd elevator.
The &ilerons were deflected with an equal up-and-down move-
ment vp.rying from +12° to +18°. Rudder deflections varying
from +10° to +20° were used In conjunction with the ailerons
to provide prop~r control coo~uination. For longitudinal
control abrupt elevator deflections of &20 or +30 were used.

The model was powered b~ a direct-currant, controllable-
speed electric motor ratad 1/5 horsepower at 15,000 rpm and
gearad with R ratio of 2.54:1 to a pusher propeller. ‘he
motor was placad forward of the wing end was connected to
the propeller by a 5/16-inch-dlamoter, hollow, aluminum
drive shaft about 18 inches long.

An ad~ustable-pitch, two-blade, n-inch wood propaller
was used on the model. ~or all the power tests, tha blade
anglo at 0.75 rhdius was set at 24° in ordor to absorb full
power at maximum afficlency with the d5sirad prop~ller speed .
of 6000 rpm.

— .— .— -. . . ..-——— - - .
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Test Conditions

The power charecterlstles of tile modol motor and gear
box unit wure detar~ined by Prony brnke t~sts mnd the char-
acteristics of the propeller with various mounts of pitch
were ascortainad at dynamic pressures of 0, 1.90, Fad 4.09
pounde p~r ~qunre foot. !?hose testg !ndicr.ted that r.blade
nngle of 24 at 0.75 rmdius would most n~~.rly sr.tisfy tha
r~quired ~OnditiOnB. Tor ee.ch of tho fli~ht cad bal,nnco
tests tha powar supplied to tho model wns adjusted to tha
do~ired condition “DT vnr~ing the input voltage.

Tha flight tes~e covered a range of airspeeds from 25
to 50 miles per hour, which :~~=eBp~nded to 80 to 160 milee
per hour for the airplane represented. The power was varied
frou windmilling to 0.235 brake horsepower, which was the
maximum obtainable frcm the motor used In the nodel. The
thru~t developed in tko flight tests was Determined from the
differnnco between tho fil”ght-path angle, or tu~nel angle,
with power on and the sngle with propeller off at tho sam~
lift coaf’flci.3ut, The hi~h-power candition in the flight
tests col*rea~anded to about 550 brake horeepowor for the
airplauoo

Most of the halenoo test~ wera run a% a dynamic pro6-
suro of 4*O9 pounds For square foot, which corroeponds to a
v~loclty of about 40 miles par hour undar standard sea-level
conditions and to a tast Reynolds number of” about 209,000
bapad on the maan chord of 0.583 foot. The high-power tests
wars rua at r. Lyn’’.:lllcprcasure of 1.$?0 pounds per square foot
in or&o~’ to roprati.~ut gre~.tar nirplnna horsepower nnd there-
by c)xt.ondtho pO%’~~ ran~a of the tasts. For ~nch bnlanco test,
the pover t~ :ho m~t.el ‘{as ndjustod to currospond to 11OO brake
h~rsopo~.rcr for the fi,lrplr.ne. This polfar ~.dj’~stment was made
by veryi~g tha volt~.ge to giv~ tho prop.Jr valu~s of thrust
coaffic~ant ‘G

,nt each lift coefficient. Tho dz8ired thrust
hor~epower (:lntithen thn thrust cooffl~i,!nt) for o.nch llft
cooffi~i.’nt W7.S zoi?puted by multiplying:< tho rr.tod .airplano

t ‘(IC 5!:D) ti~ n prapeller a..h~rsop~wfr ,1- ‘“~iciancy corrcspandlng
to the T:.rticular iift coefficlont. P:’npallol’ dfficio~c:as
Of nn air~l:~ru wlti: n speed rango Eln.il~:rto tkat of this
~irplrno war~ us~l in m~,klng tl:i:aocomputations. Tho varia-
tions of thr-~t3t coefficient, torque coeiflclent, and propeller
efficiency with lift coefficient are shown in figure 6.
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L....... ....... SYMBOLS

on

cm

.- .,.. ... .. . . .,.

lift coeffiolent
~L, qE) .................. ....,,,,,...... - ,,

drag coefficient (D/qS) .

lateral-force coefficient (Y/qs)

yawing-moment coefficient
(

yawing moment

qb S )

rolling-moment cwfficient
(
rolling

)
❑oment

qbs

pitchin~-moment coefficient ( itching
\y

uomant
qc s )

lift, pounds

drag, pounds

lateral forca, pounds

dynamic prassura, pounds p3r squaro fo~t (*pVa)

nverago chord, foot

wicg area, square i’oet

wing span, feet

rate of change of rolling-moment coefficient with
side~lip, per radian

rate af change of y,~.wing-mom~nt coefficient with
.

elda-sllp, per radlnu

r.nglo of sldoslip, rn.dlans

anglo of” yaw, degrees

nn~la of attnck of fuseltiga rafarance line, degrees

()

Tthrust coefficient —
~VaDa
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Woro

thrust, pounds ..

air deneity, slugs per cubic foot

airepeod, feet per second

propeller diameter, feet

torque coefficient {Q
{pva33 )

torque, pound-feet .

right aileron doflaction, dogreos
9

elevator deflation with raspect to stabilizer chard,
degraoO

rolling velocit~-, radians par secsnd

halix aagle gonaratcd by wing tip in roll, radians

TZSTS AVD R3!SULTS

The stability cnd control chr,rectsrlstics of tho model
invcstlgatod zt the windmilling and hizh-power conditions

and with th=–Fropallor romovcd. -
-.

!7asts wure made with the
partinl-span Zap flap rtitracted r.ud fully oxtonded nod with
vari~us cambin.nti?ns of tho vorticr.1 tnils shown in figuro 3.

A few preliminary tests were mede to improve the longi-
tudinal stabilit;~ of the model with flaps dawm. During these
tests the center of <ravity was moved forward from 24.2 to
1S.7 percent of the mee.n aerodynamic chord and the horizontal-
tail iricidence wa~ changed from -50 to Oo. Tuft tests were
mada to datermine tha stalling characteristics of tha wing
and horizontal tail.
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1
Fli ht tests.- The longitudinal data obtained in the

f,i@l+%––––es s are presented In figure 7 In the form of
.,.. ele~a.t.o.r..defleotio+erequired for trim at dlfferent,lift

ooeffioients. The curves of ‘fl~urd” 7“””showt“hee-f.feo-t-of
flap deflection and power on longitudinal trim. The ef-
fectiveness of the Filerona for lateral control wae deter-
❑ined by noting the deflections required for good control
in the tunnel flights and by measuring from moving-picture
records tho rolling velooitles produced both in abrupt
aileron maneuvers with rudder fixed and in the recoveries
from these maneuvers. The values of pb/2v

I
obtained in

these tests are presented in table II.

Balance te~ts.- The results of the balance tests are
given in figuras 8 to 11. The curves of XIgure 8 show the
effeots of power and flaps on the aerodynamic characteris-
tics of the model. The longitudinal data from this figure
are replotted in figure 9 to show more clearly the effects
of power and flll~Jdeflection an longitudinal stability and
trim. The chances in lon~itudinal stability caused by va-
riation of horizontal-tail incidence ~nd center-of-gravity
location are shown in figure 10. The results of balance
tests made to determine the elevator effectiveness are
shown in fi~ure 11. The lateral-stabilitr characteristics
of the model as ~ffected by power, flaps, and fin area are
giveu in figures 1’: and 13 in the form of rolling-moment,
yawing-moment , cnd l::tornl-forco coefficients plotted
againet angle 0S yaw at n lift coefficient of 0.75, The
slopes of the rollin;g-moment and yawing-moment ourves of
figures 12 and i3 are shown in figure 14 on a plot of c1 ~

agaifist Cnp together with approximate boundaries for

neutral epiral stability (E = O) and for neutral oscilla-
tory stability (R = O). The effectiveness of the lateral
control as determined by balance tests is shown in figure
15 in the form of rolling-moment and yawing-moment coeffi-
cient plotLad against right aileron deflection.

Tuft ~,gs>s,- Tha results of tuft tests made to deter-
mine the stal~~g :lhavacteristics of the wing and horizon-
tal tail me preseated in figure 16.

I—-,... . , . —.— —. . . .. . . - .-
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DISCUSSIO17

Preliminary Te6ta

Because of the short tall length of the model, the
horizontal tail was originally set at an angle of inci-
dence of -5° to avoid exceesive up-elevator travel for
trim with flaps down. With this tail incidence, deflec-
tion of the partial-spafl Zap flap caused the model to be-
come statically longitudinally unstable. Sustained
flights were impossible at any airspeed becauee of diver-
gences in pitch that could not be controlled by elevator
deflection. Moving the center of gravity forward from
24.2 to 15.7 percent of the mean aerodynamic chord made
the model longitudinally stable at lift coefficients above
0.80 and good fli~hts could be made without using elevator
control. At lower lift coefficients, hcwover, sustaiued
fliflhtn could he made only by continually applying alter-
nate up-and-down elevator defections to prevent the model
fron diverging. At lift coefficignt~ below 9.50, moreo~er,
the stability was not sufficient to permit flights to be
made even in this manner,

The oharacter of this instability suggested a form of
tail stalling. When the horizontal tail was set at -50,
the downwash at low anqles of attack was believed to be
sufficient to cause the lower surface of the tail to stall.
This belief nns sub~tantiated by the bebavior of the model
on the floor before take-off. The model often assumed a
nefl$~tive angle of attack beforg taking off and from this
attitude the nose could not be brought up by elevator con-
trol. In these ca~es the lower surface of tha tail was
evidently fully stalled instead ~f intermittently stalled
as it appeared to be in flight.

The tuft tests made to determine the stalling charac-
teristics of the wing and of the upper and lower surfaces
of the horizontal tail proved that the assumptions regard-
ing tail stalling were correct. The results of these teot~,
presented in figure 16, indicate that the lower surface of
the tail was ~lmost completely stalled at an mgle of attack
of -4° and thnt the outer portion WRB stalled at OO. !T!llis
tail stalling accounts for the difficulty encountered in
fli~hts at lift coefficients below 0.80. The unetalled con-
diticn at angles of attack of 4° and 6° explains the im-
proved longitudinal behavior of the model at higher lift
csofficients. It Is realized that the tail stalling of the
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airplane would ocour at much. higher negattve angles of
attack of the tail and that the moiel test results oannot,.,..,
bb’ us6”d’quantitatively but many be taken only as an indica-
tion of an unsatisfactory condition that would Lb6”-e”ri6-6un=””
tered by the airplane if too great a negative tail inoi-
dence were used.

Chariging the horlzoatal-tail incidence to 0° elimi~
nated the tail stalling (fig. 16) and made the model lon-
gitudinally stable with flaps down at all lift coefficients
with the 24.2 percent center-of-gravity location. !Che
flight-test longitudinal-trim ctirve~ 0$ figure 7 indicate
that the stability was sli~htly less for the flaps-down
condition than for the flaps-up aondition. NO difficulty
wad experienced” in maki’ng flights with flaps down, however,
and the st=bility vac considered ontirel~ adequate.

The results of balanco tests (figs. $3and 10) show
the changes in fixability with flap doflactiGn. In figure
10, the nnstahle pitching-moment slope for the flaps-down
cs~i!ition with the originnl tail in?l?an?e nnil center-cf-
grfivity ~nositl:~c exDlnins the innbility to obtain fli~hts
at tb.is cfinditi~n. Ihe mamnor in which the farw,~rd shift
in co~ter-of-~~avi t~ ~~sltion incron:ed the stnb!lity is
also Sh>Wil in this ~i~:uro. As indic:.tad by tha flight
teata at this ur~n&i,:Gn, the etabillt~- is Iuositive at the
high li~t coef’ifctsa$~ but cnly about ne-liral at lift coef-
ficze~to 3C1OW C.33. The l?ronomcei!! stahilizin~ effect
caused b.~ the rL:~:Lgeto Oo tall An?idenca is as evident in
th~ results of %CIWCS t?sts (fig. 10) as in the flight
teats.

Longitudinal Stability

Iilcre&sia~ the l]ower caused onl~ a slight change in
the static lon;ibua+.nal stability for both the flapa-up
an~ fla-ps-do”~n caai.liicna, as skown hy the curves of fig-
urafl 7, 8, afid 9. It appears from the loiigitudinal trim
datn obtained in thq fll.~h.ttests (fig. 7) that the static
stabillt~ as in8ic~tie& by tha eleva:or daflec$icns required
to trim at di~fers~~ lift coefflcieiit~ was sli~htly in-
oreased ‘oy powor wzih flaps up n.nd vary slightly decreased
by power with flapa down. E.:13talmnce test results pre-
sented in figtiras 8 end 9 ngrae f.ai.rlywell with the flight
results iu this respect and show even smaller changas in
stability with powor. Tho windmilling propeller appears
to havo provided a sli~:ht incrtiasa in lon~itudinal etabil-
ity fbr all conditions.



10
.

Application of power cau~ed opposite changes in longi-
tudinal trim for the flaps-up and flaps-down conditions.
The trim changes wore apparent in the flight tests when
successive flights were made at the windmilling and hi.gh-
power coud.itions with a constant elevator setting. Appli-
cation of po’”:ercaused the trim alrs?esd to Increase with
flaps up “and to decrease with flapo down. These trim
changes are shown by the curves of figures i’ and 9.

The daaping of the phugold oscillation was satisfac-
tory for all yower con?.iti~as and appeared to be slightl~
letter r.t hi~h power.

Longitudinal Control

T:le.lon:qitudiual control apne~rel to be good in all
respects desFite the short tall ~.engti of thu modol and
tha naaraess of the p~oj?ell~r to the horiz~ntel trill.“

.A3rupt elevlntor deflecis.ona af 921Y +20 or 530 wiro rt3-
~~irad to correct for ioaqitudinal disturba=cea and to
rnc,neuvor td~ model in tke-tu~~ilel as desired. Sli;htly
greatgr elavator deflections have been requixad on most
other models tested in tha frea- flight tunael.

!!!heelovetor-trin characteristics as Irdicated b~ the
flight tiata in figure 7 appear to be vary good. Trim for
the high-speed condition to the stell was obtained without
excesgive elevator tra?el 3v.t a fairly lerge increas9 In
elevator movement waz required to produce tke stall. Z%ese
elavator ch~racteristics are considered desirable.

Tb.e balance-test results in figure 11 show thafi, with

dcm
power on, the valuaa af wara abaut -0.013.with flaps

~

up and -0.015 with flaps down. Th6Se values divided by

dCm
for the correspondln.g conditions give 7al~es of

dCL

liCL ~

of 0.084 with flaps up and 0.177 with flaps down. !!!39ss

dCL
values of which are in fairly +ood agreomont with

~’

the flight-test results, indicate adequate eleva%or effec-
tiveness for the particular da~rees of static stability

dC,n

k)
afforded %y this 24.2 percent center-of-gravity

CL

locatioa.



11

I

I
Stallin& Characteristics

.. .. .....,......-F.....---...,..
k@ beha,vior- of the model “titt’hastwll was notnotiqe-

ably kff’ect.ed by power and wae coneldered eatiOfactory at
all oonditlons of fla.pa and pQwer.

. .

p With the flaps up, the behavior at the etall was not
oonelstent. At times a definite warning of the stall wae
observed in the form of a slight pitching motion, but at
other times the model would roll off to either side at the

; stall without warning. The stall was, however, gentle in
all cases and oaueed no great difficulty.

4II When the flaps were down, the stalltng characterimtlca,.
were excellent. Ample warning of the stall was afforded by
a noticeable pitching motion, and the stall Itself was evi-
denced by a slow dropping of the model to the floor of the
tunnel. Even vith the stall sufficiently advanced to cause
this gradual lees of altitude, the a!.lero~e were still ef-

. feotive Iu picking up a low wing. The results of the tuft
tests shown In figure 16 provide a plausible explanation
for tha ~;ood stcllin~ behavior with flaps dowu. The stall
diagrams Icdicnte that the upper surface of the large par-
tial-spw Znp flap and the portion of the wing ahead of It
stall well before the ailerons. The apparent stalling of
the horizontal tail at hiLxh anglea of attaok as indicated
by the tuft tests vas actually a form of tail buffeting
and was probably responsible for the pitching motione that
warned of the stall.

Lateral Stability

b Effect of Power.- Power $rovided a noticeable increaae

1“

in directional sta3ility and a slight Increase in dihedral,,
effect. In the flight tests, these stability changes were
evidenced by the emoother, steadier flights obtained with
power on. When, duaing a single continuous flight,. the
power was increased gradually from windmilllng to high
power, a definite steadying of the model, especially in
yaw, could be observed. This effeot of powe~, which was
noted in flights with flaps either up or down, wae consid-
ered beneficial in improving the flight behavior of the

1 model,

The spiral stability, which was satisfactory vith
power off, did not appear to be affected by power. With
the flaps up and only the upper vertical tail on, power
definitely improved the oscillatory stabillt7 and reduced
the adverse yawing caused by the ailerons.
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!!!hb,balance-test reaulte In figuree 12, 13, and 14
substantiate the obeer”vatlihs made in the flight tests In
regard to the effect of power on the lateral-etabll$ty
characterietica of the model. The yawing-momeat curves
of figure 12 have greater slopes with power on and, in
addition, the curves are straightened out by power at the
higher enlos of Y8W. This straightening out with power on
sugeests that the propeller Vras acting in such a rmnnor as
to delay the stalling of the vertical tails. At the low
anglas of yaw, howevar~ tho 6ff0Ct 02 power in iaCri3a0ing
the directional stablllty cannot be credited to the ciumge
in air flow over the tail surfaces because, as shown in
flgurs 13, most of the Increase was obtelned with the tails
removed. Xeither can the iaa~or portion of the increase in
directional stability with >cver on 3e attributed to the
propeller normal force. ql~r::a~ance t6sts with tails re-
moved indicated a muck larger Iacrease in lateral force in
changing from the propeller-off-to tba win~mlllin~ condition
than In changing fram the windmlllinq to tie high-power con-
Cltioa. Id this resSQct tho taats agzse well witli propeller
theory. On the other hand, the lacrea~e In directional sta-
bility (C= ) provided by the windrzilling propeller wad less

B’t}.an o~e-h Af aa great as the Cnp increaae produced by the

.applicetion of power. These reaulta indicate that the Inflow
to t%e poqlered ,i~~.shgrpropeller might have effected the air
flow oTer the fuselage in ~uch a way as to reduce Its unstable
yawing moment withoat appreciably changing its side force.
It is interesting to nota in figures Z3 and 14 that, with
nll tails verovcd, power provided eaougk fin effect to bal-
ance the unstab~i? moaefit of the wing-ar.d-f-~selege coinbina-
tlon ma thereby nieka tks %oti.elueut~a:ly directionally
stable.

Yhe curves of fi~ures 12 aad 13 show the alight increase .
in dihedral effact provld~d by power. qhe i~croasa appears
to be substantially the same for flaps up or down and is
almoat .negliglble In either case.

The ,summar~ of the balance ree~lts Siven in fi:gure 14
indicates the reacona for the flight-test observatioaa re-
garding the effects of power on spiral hid oscill~tory sta-
tlility. Iaesmuch as power increases both Cn

B
nnd -Clps

It causea a shift on the etcb!lity plot ((3 to H or m “tom)
approximately parallel to tLii ~plral-stabllfty boundary and “
the,re’oya~fect$ the sFiral etabiiity ver~ little. The im-
provement in oscillatory Btabillty caused by power with flaps

.—
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. .
up and only the upper vertical tail on Is shown graph-
ically in figure 14 by the shift from condition D, near
the o“scillatory-stabil~-ty. boundary,.. $p..con~$t~on I, well-P.....
away from th~t boun,dary and apparently In n.var~ stiiblb ““”
region.

In general, the effects of power on the lateral sta-
bility of this model were considerably less than the ef-
fects of power on the stability of conventional tractor .
models teB”ted in the free-fli@% tunnel. The changee,
moreover~ were in no caaa detrimental and were In some
cases definitely beneficial to tha flight behavior of the
model. In this respect, this particular pusher design
appeara to be completely Juatlfied.

Effect of flaps.- !Che results of bnlance tests ,given
In figuro 12 show that flap deflection caused a considerable
reduction in dihedral affect ES sxptictsd but did not affect
the dirsctlonal atabilitr. It E7Jp~Srs from figure 14 that
this reduction In dihedral effect sh~uld hsvJ cau3aIi tho
model to become spirally unstu%le.

An analysis of the pbf 27 values In tablo II also
rovoals ovldaace ~f slight splr=.1 i~stability with flapa
down. For tha flaps-dowu r.onfiiti>n, the valuas of pb/2T
obtainod during racoverlos fr~m abrupt allar>n m.anouvcrs
were somewhat lawor thsn the valuss obtaiaod during tho
manouvera thamsolves. This raducod aileron af’fectivonoss
may be taken r.s nn indication Jf spirr.1 inst~.bility, be-
cauee the aileron rolling velocit~ was evldentl~ rol~forced
by an unstable rolling in abrupt maneuvers starting from a
wing-level attituda and opposed by the same rollln}~ during
recoveries. Inasmuch as the varimtfon af the gb].27 valuea
with flapa up waa the reverse of that with flaps down, the
model Is”i by -the same raasoning, Judged to be aplrally atabla
for the flapa-up condition.

The spiral iaatability with flaps down was a~mrently
very alight, as no dafinlte iadicatlons of It could be nated
in the uncantrollad-flight tasts. At any rate, the condition
waa certainly nst objectionable aad the flight behavior of
the model with flaps doi~~ was c~nslderad entirely satisfactory.

In regard to the qu~atian of eplral stability, It should
be pointed out that tests of several ~odela in the free-flight
tunnel have shown that slight spiral instabilit~- is not ob~ec-
tionable. The rates of spir~l divergence with moderate fin
area and only slightly poaltive dihedral effect ara nsunlly

,-1. ■ —. -
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so small as to cause no difficulty in free-fllght tunnel
teetR. The pronounced spiral instability usually caused
by negative dihedral effact 1s, however, considered def-
initely undesirable.

Effect of vertical-tail nrefi.- In epita of the short “
tall ~ength of the model, adequate directional etablllty ,

wa~ obt~iced with relatively small vertical talle (tails 1
and 2 of fig. 3). Yor all condlti>ns of power end flr,ps,
no objectionable adverse ynwl:~g was noted when allerans
alone were used for le.teral coctrol. Eho d.ampicg of the.
lateral oscillr.tians WR3 .“.162satisfactory.

Wheh the tail area was increased 60 percent by replaoiag
the upper tail with a larger tail of the same aspect ratio
(tail 3 of figs. 3 and 4), only a slight improvement id the
fl;’ing characteristics vas noted. Ehis improvement was not

+ustify the iacrease In areatconsidered sufficient to .

When the tail area ~’as decreased 50 percent by reno.ving
the lower tail, the mo?.al retained a small anount of direc-
tional ~tabiiity. In wi~drniliiag-powar flights with the
flaps up and with the ailerons used alone for control, the
small upper tell alone did not, hawevar, provide enough fin
effect to k~ep the ndvazse yawing from baco:miug axcesslve,
When th~ propell~r was ramovad sustainad flights vlth tho
singla t&il wara mlmost. impossible bacause of tha pronounced
offecta of mdvcrsa Fawing. Duriag a coutlnu~d applicntlon
of aileron control in flights with propoll~r off and rudder
fixad, tho model WCU13 at tirias yaw advarsaly to .a lnr.ga
aagl~, roll ngninst tho ailerons, nnd drop to the floor.
Tho stn.bility nt both tha propellor-wiodmllling .%nd propsllor-
oif conditions wac considar~d unstntlsfactory with tho single
tnil with flnp$ UpO %~ith tha fl.:ps dolm or with power on,
tho flight behavior of tha modal with the single tall was
much itiproved and the adverse yawing was naver graat anough
tc cause loss of aileron control.

The balnnce tast results In fi=~res 13 and 14 show the
increu:~e in dlrectlonai .stabillty provided by tha small vsr-
ticai ialle. Togethei’ the tails increa”aad Cn

P
by about

0.C75, which rasulted in a Cnp value of about 0.055 for
the ccnpl~ze eirplane with power off.

Latdral Control

The lateral control of tha mode”l was not noticeably
affected by power, excupt that a slight amount of aileron
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trlrn was required to balance propeller torque. For the high-
power condltlon in the flight tests, a total aileron defloo-
tion of 5° right was required for lateral trim. Power appar-
ently did not “affect -tha diractlonal trirno “inas-rnuohas no
chmgo In rudder setting was necessary in going from wind-
mllling power to high power. The rudder control was not
noticeably affacted by power despite the proximity of the
propeller to the vsrtical tails.

On the basis of.the abrupt aileron dofleotions requlrod
for ~atlafactory control In tha flight tests, the lateral
control of the model was considered entirely adequate. In
fact, consldarably smaller nileron deflections wore needed
during the tests than are required for tha P.varage model
flown in the froa-fllght tunnel. It should ba pointed out,
howover, thct tha area of these plain ailerons is 8.8 per-
cent of the wing nroa, which is somewhat gremtor thnn the
fivorngo allaron are.?.of present-d=iy mirplunes. A reduction
in this nroa could probably be mm.da without rendering the
aileron control Inndcquato.

The valuas of pb/2T shown in table II are further
proof of the adequacy of the miler~n control of the model.
With the cssnrned total aileron movement of 45° and tha
rudder fixed, the pb/2T valuas are well above the minimum
required velue of 0.070. Flap deflection caused a substai~-
tial Improvement In the rolling velocltias obt”alned with tba
ailerons. l!h~ sllgh.t reduction in aileron effectiveness
durin~ recoveries with flaps down, which has been attributed
to slight spiral instability, was not considorod sorloua
inasmuch zs tho pb/’2V was still greater than for any flap-
up condition= It can bo scan from the balanco results of
figure 15 that a rolling-moment coefficient of about 0.026
was provided by th~ equal up-~nd-down aileron deflection of
A12~0 that was used in the te~ts to detarmlno tho aileron
rolling velocities. A c1 valuo of 0.54 for th~ model with

P
fleps up is obtainad by dividing this value of C1(00026) by

the corresponding . pb/2V valua (0.048).

Abrupt rudder dofloctions varying from +10° to +20° ‘
ware required for good control c~ordiantton depending upon
tho particular flight condition. The larger rudder deflec-
tions ware used with the ldrgt)r ailaron daflootlons at low
~irspeodsi !l!hoserudder daflactlJns ware ~nly sltghtly
larger than those roquirod on tha avarago conventional trac-
tor modols tostad in tha free-flight tunnel, ovon though
anly tho uppsr tail of tha mod,nl :“aa eauiDned with n rudder.

—,—
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The short tail length of this design does not appear to
necessitate large rudder areas or rudder deflections. In
fact, smaller rudder creaa and deflections might well be
possible inasmuch as no rudder trim is require& for high-
power flight.

With ”the ailerons fixed, the rudder provided a fair
amount of lateral control with tha flaps up. Recovery from
angles of bank as high as 8° or 10° could be accomplished
without excessive change in haading. With the fl~ps down,
however, the rudder was virtually ineffective in rolling the
model and could not Ficlk up s low wing even at very Small
angles of bank.

!!%e effects of power an the stability and control
characteristics of tha pusher modol with tho propoller be-
hind the tail surfaces me~ bo summarized e3 fellows:

1. Locgltudinal stabillty and trim ware only slightly
affected b~ POWS=.

2. Power caused a substantial increase in directional
stability but did not appreciably change the effective @.lhe-
dral.

3. The stalling characteristic> ‘:ere ntit affected by
power.

4. In poser-on flights a small amount of aileron trim
was required,but no rudder trim vas necessary.

5. The windrnilling propeller provided slight Increaees
in lonCltaLinal and directional stability.

IE s~~ite of the ~hort tail length that was necessary
with this pusher-propeller arran~enent, the g,enaral fll:?ht
behavior of the model was considered excellent. A hori-
zontal tail only Elightly larger than normal provided s~tis-
f~ctory longitudinal stability; e.mpl~ dlractlonal str.’oility
and control were nfforded by vertic~l tails of aormal size,
Theso tests, therefore, indicated that tha use of a short
tail length. did not materially increase tha difficulty of’
obt~.ining good stability and control ohar%cteristlcs.
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On tho basis of the free-flight tunnel tests, it
appears that the undesirable effects of power on stability
and control can be eliminated by placing a pusher propellerm
beh”iridcoriv%at”ional horizontal and ve-itical tall eurfaces.

5

1
i Langley Memorial Aeronautical Laboratory,

National Advisory Oommittee for Aeronautlas,
Langley Pield, Va.
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. !CABLIUI

...
“D:IMMSIOI!IAL gHMAOTMRISTICS-OF. NACA.

AIRPLAl!UllAS

TESTED

14ngine:

SIJB.MlW3ED--g~GIlTE PUSHER... ........

REPRESENTED BY l/10 -SOALE MODrnL

IN ITACA YREIE-FLIGH!l TUIWEL

Horsepower, rated . . . . . . . . . . ~ . . . . .
Propeller:

Diameter, feet, . . . . . . . . . . . . . .: . .
19umber of blades. . . . . . . . . . . . . . . . .

Weight, pounds. . . . . . . . . . . . . . . . . . . .
Wing:

Area, 8quarefoet . . . . . . . . . . . . . . . .
Span, feet.. . . . . . . . . ● , . . . . . . . .

Aspect ratio. , . . . . . . . . . . . , . . ... .
Alrfotl section -

1100

9
2

5800

226
39

6.73

Eoot . ...0 . . . . . .0.. lSACA 67,1-116
Dihedr~l”b~eak . . . . . . . . . . . . llACA 67,1-116
Ttp. . . . . . . . . . . . . . . . . .NACA67,1-115

Incidence -
Boot, degreee. . , . . . . . . . . . . . . . . 3
Dihedral break, degrees . . . . . . . . . . . . 3
Tip, degrees . . . . . . . . . . . . . . . . . 1

Dihedral of outer panel, degrees . . . . . . . . . 6
Swoepback, 50 percent chord lina, degrees . . . . 0
Taper ratio . . . . . . . . . . . . . 2.5:1
Mean aerodyna~l~ ~h~r~ ~

Langth, inches . . . . . . . . . . . 74.50
Location back of’l~a~i~g”edge of root chord,

inches. , . . . . . . . . . . . . . . . . .12.75
Root chord, inchas. . . . . . . . . . . . . . . .
Tip chord, Inchas

100
99.90 40

Wing loading, W/S, pou~d~ ~e~ ~q~a~e’f~o~ 1 . . . . . 25.7
Center of gravity:

Back of leading edge of root chord, inchas . . . . 30.80
Below reference line, inches . . . . . . . . . . . 0.70
Percent of mean aerodynamic chord . . . . . . . . “24.2

Ratio of wing span to radius of gyration:
b/kX . . . . . ● . . . . . . . . . . . . . . . . 7;43
b/ky , . . . . . . . . . . . . . ., . . . . . . 6.79
b/kZ . . . . . . . . . . .. . . . . .m. . . . . . 5.13

—
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TABLE I - (Continued)

DIMI#WSIOl?AII0HtiAOT3111STICS 0S’ITACA SUDME2QED-ENGIIU!l

AIRPLKJE AS I?EPM!ISWTED BY l/10 -SOALE MODEL

TESTED IN 31ACA 3’R2KH-B’LIGETTUNITEL

Flaps :
Iwpe -

Zap extensible, partial span
span -

Feet ● e*O*m @*ae*e ● mm
Percenl+: 1 I . , . . . . . . . . . . . . .

Percmt chord . . . . . . . , . . . . . . . . .
Aileron:

Type -
Plain

Area
Square feet . . , s . . co . . . . . .0 . .
Parcent SO.. . . , . . .m. , . . , . . . , .,

Pusmm

16.77
43.5
35,0

20
8.8

15.6
40

54
.24

13;5
o

13
16.2

13

16.16
7.2

13s72
3.75
7.37

- - ... .. -- --- -- —---- --- -- . . . . —.- . .- .. --..— . -..—— .. . . . . . . ..- . . .. .. . . . .
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TABLE II

AILEllOlfINH’ZC!I!IVI!WESSOF 19AOA SUBMllRG14D-lllHGIilE PUSHER

MODEL !CESTED IN l?REH-YLIGHT TUMYEL

I pb/ 2V

I 25° total aileron I 45° total miloron

Flap
deflection deflection

(&1) (b)

Level flight llecov~ry Lavel flight IlaoovorJ
(c) “ (d) (0) (d)

iletracted
(CL = 0.5) - 0.048 0.052 , 0.087 0.094

I

!’xtonded -
OL= 0.8) .067 .061 .121 .110

a
Deflection used in abrupt alloron maneuvers. (Equal

up-and-down deflection of *12~0.) Rudder fixed.

‘Assumed maximum aileron trevel (+22~0)o Values obtained
by direct extrapolation from values for 25° deflection.

c
Values-obtained in abrupt @heron maneuvers starting from

wing-level attitude.

‘Values obtained during recoveries from abrupt aileron
. maneuverO.

. .

. .

.
.

. .

.

.

----- .- ~, ;----- .“ -..” ..... -.- ,. ~< -.., -,-—-—.- -—.> ...-~.-....m .. ...=... ..... .“:.,;.,-”:.. : ,G.
. . . . . . . . . -..-1.”.i. . .



Figure l.- Test section of the NACA free-flight tunnel showing
a model being tested in flight.



cm
Figure 2.- Test section of NACA free-flight tunnel showing

model mounted on a balance. L
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Figure 4.- Side elevation of l/10-scale model of NACA submerged-engine pusher airplane ~
as originally tested in free-flight tunnel with small lower vertical tail

(tail 2) and large upper vertical tail (tail 3). K.
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Figure 5.- Plan view of l/10-scale model of NACA submerged-engine pusher airplane as
originally tested in the free-flight tunnel.
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